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Introduct ion Section 1

• L Introduction

• The Packet Sp eech Measurement Facility (PSMF) is a

recording , playback , and measurement facility designed to

provide member s of the Netwo rk Secur e Communications (NSC)

Project with an investigativ e tool for packetized speech

research. PSMF acc ess will facilitate exp eriment s dealing

with the effects of n etwo rk induc ed perturbations on

real—tim e communications.

This report d escribes efforts undertaken by the Computer

Corporation of America during the initial phase of PSMF

development: December 11 , 1976 to June 30, 1977. These

efforts hav e culminated in the specification of PSMF

d esign , the development of an access protocol , and the

rel ease of a trial facility with op erational recording and

playb ack functions.

Chapter 2 review s the PSMF design philosophy and structure

d etail ed in the Preliminary Design Document of February

28, 1977. Chapter 3 elucidates the approaches CCA has

taken to implement this structure . Chap ter 14 discusses

the work sch edul ed for completion of this initial phase of

the PSMF , while chapter 5 or ovide s a summary of PSMF

efforts and plans.
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2. PSMF Design Philosophy and Structure

The intent of the PSMF is to provide a facility whereby

NSC part icipants can rigorously examine network effects on

real time encoded packet speech streams. Three primary

functions have been designed to satisfy this intent:

1. The provision for recording speech segments along

with time stamps reflecting network perturbations.

2. The provision for playback of speech segments to

ena ble sub jective judgements of network

distortions. 1:

3. The provision of statistical functions which

an alyze recorded speech segments to determine the

charactertistics of network distortion.

In section 2.1 we elaborate on the specifications for

these functions. Section 2.2 outlines the extension to

the Networ k Vo ice Proto col by whi ch a user can re ques t

t hese functions , and section 2.3 deals with the PSMF

structure designed to accomodate these specifications

under the protocol extension . 

— 

~~±~~~
j
~ 7_~i — ~

.. -~~ 
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• 2.1 PSMF Function Specifications

2 .1.1 Recording

The PSMF Recording function is designed to provide a means

for storage of:

a. Speech segments consisting of’ streams of encode d

vo ice mess ages.

b. Special non—voice control message s, which may be

imbedded within a voice stream .

c. Informat ion pertinent to subsequent analysis , such

as a time stamp on receipt of each message.

Each recorded segment is identified by n ame (“filename ”)

an d secured with an access password. The typical

recor ding session proceeds as follows:

~~~~~~~~ ~~~~~~~~~~~~~~~~ •~l _~~~•_.. •

~~~~~~~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .
.• • 

- •
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1. The user initiates a connection with the PSMF over

• the Arpanet .

2. The user requests the Recording function specifying

filename and an optional password .

3. The PSMF acknowledges.

14~ The user can send any number of special PSMF

non—vo ice messages for recording.

5. If the user wants to record voice ,

a. He asks to be negotiation ma ster.

b . The PSMF accedes.

c. The user suggests negotiation parameters.

d . The PSMF agrees to all suggestions and

records the negotiations.

e. The user asks if the PSMF is ready.

--- -- ‘2’~~~ ~~~~~~~~~~~~~~~~~~~~~ —
~~~~~~ 

‘
~~~~~~~~~~ ft ~~ t ~ -~~~~

•-
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• f. If information sufficient for playba ck

timing has been negotiated , the PSMF signals

its readiness.

g. The user sends a stream of voice messages

and special PSMF non—voice control messages

to be recorded.

6. The user signals the end of the recording session .

2.1.2 Playback

The PSMF provides an access to previously recorded

segments that enables selective playback of voice and/or

non—voice messages. Voice stream playback permits

repeatable tests of vocoding equipment and algorithms.

Imbedded control messages can be used to carry textual ,

graphical , or ma chine control information . In addition ,

the r esu lts  of a PSMF mea s u r e m e n t  fun cti on may be

incorporated into files of PSMF control messages , which

are then subject to playback . The suggested procedure for

p l ay b ack is as fo llows:

L. ~~~~~~~::~~~~~~~~~~~~
-T

~~~
-, 

• 
~~

• . •
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1 . The user initiates a connection witn the PSMF over

the Arpanet .

2. The user requests the Playback function , specifying

filename and password.

3. The PSMF ack nowledge s success if the filename

exists and p asswor d i s correc t .

4. The user specifies the types of messages to be

played back , (e.g. voice and textual control

messages).

5. If the user has specified voice playback ,

a. The PSMF asks to be negotiation ma ster.

b. The user accedes.

c. The PSMF present s the same negotiation

parameters encountered in recording.

d. The user agrees to all suggested

negot iations.

I - 

~~~~~~ ~~~~ ____  - J
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e. The PSMF asks if tne user is ready.

• f. The user assents.

6. The PSMF plays back the requested in form ation.

• Voice data is time d according to negotiation

parameters and message headers. Control data is

sent so that oniy one control message is in transit

at a time .

7. The PSMF comp letes playback , or the user signals an

end to the playback session .



• - • ----- -
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2.1.3 Measurement Functions

The PSMF measurement functions provide means for analyzing

parameters in PSMF files and creating PSMF files , suitable

for playback , containing the results of such analyses.

Mea surement funct ions are conc erne d with :

a. Relative delays inflicted on voice packets by the

ne twork .

b. Missing, du plicate , or out of order voice packets.

c.  Qualit ies of the vo ice str eam itself , e.g. periods

of silence and speech .

Measurements cons ist of stat is tlo a l analyse s (mea n an d

standard deviation) and histogram constructions. The

stan dar d p roce dure for invoking a measureme nt functi on is

as follows:

1. The user initiates a connection with the PSMF over

the Ar p anet .
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2. The user requests the Measurement function ,

- 
• specifying filename and password of the file to he

measured.

3. The PSMF acknowledges.

14. The user specifies the nature of the measurement

and the filename and password of the file which

receives the anal yses.

5. The PSMF acknowledges and disconnects to allow

o ther con curren t PSMF a ccess.

6. At a later time the user can play back the

measurement file or subject it to further analysis. 

- ~~~~~~~~
• 

_ ; • ~~~~~~~~~~ • .
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2 .1.14 File Man ipu lation

• Two provisions for PSMF file “manipulation ” are includ ed

in the current design : file appendage and file deletion.

These functions are available only to the site which
-

• created the file.

T he PSMF Append function permits a user to add voice

and/or non—voice control messages to an extant file of his

own creat ion. The procedure for appending is as follows:

1. The user initiates a connection with the PSMF over

the Arpanet.

2. The user requests the Append function , specifying

fi lename and p asswor d .

3. The PSMF acknow ledges.

14. The user can proceed as in recording , except :

If the user try s to negotiate voice , and the

extant file contains voice data ,

L~ ~~~:~i-:~~~~1.: ~~--~~~~• L . ~~~. t~~~-~~~~ -
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• a. The PSMF asks to be negotiation master.

b. The user accedes.

p c. The PSMF presents the same negotiation

parameters encountered in the recording

of the original file.

d. The user agrees to all suggested

negoti ations.

e. The PSMF asks the user to be negotiation

master .

f. The user agrees.

g. The user asks if the PSMF is ready.

h. The PSMF agrees.

1. The user sends a stream of voice and/or

control message to be recorded.

LI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
-
-

~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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5. The user signals the end of the append session .

Application of the Delete function causes the named file

to be expunged. It is invoked as follows

1. The user initiates a connection with the PSMF over

the Arpanet.

• 2. The user requests the Delete function , specifying

filename and password.

3. The PSMF acknowledges.
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2.2 PSMF Protocol Extension (1)

PSMF Protocol

This protocol is an extension to the Network Voice

• Protocol to allow access to a Packet Speech Measurement

Facility. It provides a means to specify recording and

• 

• 
playback of speech files , and then to select

measurements and statistical analyses of those files.

This protocol is based on the NVP: it uses the same

initial connection proceedures (ICP), assignment of

link s, vocoder negotiation , and ARPAne t messa ge

types/subtypes (type—O/O for control messages and

type—O/3 suggested for data). The forma t of data

messages is the same as for normal NVP. The reader is

referred to the NVP document for details.

1. This section was prepared in conjunction with ISI.

• • •~~~~~ ~
. 

~~~~~

• 

•
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The IC? for NV? is the following sequence of three

me s sage s:

On link 377: 1 ,<WHO> ,(WH OM> ,K

On link K: 6,L

On link L: 1 ,<WH O> ,<WH OM> ,K

For norma l NV ?, th e AN SWERER re plies to the second

[1] message by initiating vocoder negotiation .

Instea d , when a PSMF i s cal led , it replies with an “OK ,

I AM A PSMF” message. After that , the caller can

request di fferent oper at ions us ing t hi s PSMF Protocol.

Summa ry of Messages

The PSMF Proto col messa ges are listed below , then

described later. All PSMF requests are made with the

same messa ge code , with each different request having a

un ique subcode . Ackn owled gement is v ia a di f feren t

messa ge co de w ith the subco de returne d from t he

request. The list of message codes and subcodes is as

follows:

[60] “OK , I AM A PSMF”

(61], [11 “OPEN A FILE TO R ECORD”

~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ------ .• - - • -
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[ 6 1] , [2 ]  “ O P E N  A F I L E  FOR P L A Y B A C K ”

[ 6 1] , [3]  “ O P E N  A F I L E  TO A P P E N D ”

[61J, [Li ] “RETRIEVE FI ELDS”

[61], [5] “FIELD TO BE

RE CORDED”/”RETRIEVED FIELD”

[ 6 1 ] , [6 ]  “ C L O S E  F I L E ” / ” E N D  OF F I L E ”

L6 1] , {7] “ D E L E T E  F I L E ”

[61],[8] “TEXT TO/FROM COMMAND PARSER ”

• [ 6 1 ] , [ 9 ]  “ D A T A  T O / F R O M  M E A S U R E M E N T  F A C I L I T Y ”

• [61], [1O} “OPEN A FILE FOR MEASUREMENT ”

[62], [n] “POSITIVE ACKNOWLEDGEMENT ”

[63],[n] “NEGATIVE ACKNOWL EDGEMENT”

Description of Messages

I
In addition to message codes and subcodes , PSMF

messages contain elements labelled <field —name> and

<string>. A <field—name > is a single 16—bit word which is

the identifier for a field as specified by the PSMF file

f o r m a t .  Pos s ib l e  v a l u e s  for  < f i e l d — n ame > a r e  l i s t ed  l a t e r

i n  this document. A <string> is a sequence of N+1 16—bit

wor d s , where th e f irs t wor d is the count of wor ds t o

follow , i.e. N . Each word contains two 8—bit ASCII

bytes , with the byte in the most significant 8 bits of

L•* 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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the word preceding the byte in the least significant 8

bits of the word . The string also includes either 1 or 2

NUL (binary zero) terminating bytes , depending on

whet her there are an odd or even number of text bytes

conta ine d in the str ing , respectively. That is ,

<str ing> N ,W(1),W(2),...,W(N)

For exam ple ,

“FILENAME ” 5, Fl , LE , NA , ME , 00

The other fields in the messages below are 16—bit words ,

with the values right—justified in the wo rd . Any extra

words in the message after those which are defined should

sim ply be ignored by the receiver of the message .

[60] “OK , I AM A PSMF”

This message is used only to answer the second 1 message

during IC? . It consists of only one word:

60

[61],(1) “OPEN A FILE TO RECORD”

Only one f i le may b e opene d at a time , but different files

may b e opene d in success ion (see t he “EOF ” message).

-• ~~~~~~~~~~~~~~~~~~~~~ 
. • 

—
~~~~~~~~~~~~~~~ - - -  ~~ ~~~ _______________ J
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This message varies in length; it contains two words

followed by two strings :

61 , 1 , <filename— string> ,<password — string>

The PSMF will create a file with the given name (unless

the name is not suitable) , and record the password to

compare against the password given when the file is

opened for playback . This operation will be

acknowledge d , either positively or negatively , by a

162] or [63] message , respectively (see below).

[61] ,[2] “OPEN A FILE FOR PLAYBACK ”

This message has the same format as “OPEN FOR RECORD” :

61 ,2,<filename— string> , <password — string>

The PS MF w i l l  s ea rch  i t s  d i r e c t o r y  for  the  given

filename . If i t  is f o u n d , the  p a s s w o r d  w i l l  be

c h e c k e d  a g a i n s t  the  one recorded with the file to

d e t e r m i n e  if access is a l l o w e d .  A g a i n  a [62 ]  or [63]  is

sent  as a c k n o w l e d g e m e n t .

[ 6 1 ) , {3] “ O P E N  A F I L E  TO A P P E N D ”

•
~~~~~~~~~

. ‘--
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This message allow s the caller to append more information

or speech to the end of an extant file. Again , the

password must match the one recorded when the file was

crea ted. The forma t is:

6 1 ,3 ,<filename—string> ,<pas sword— string>

[61], [’4] “RETRIEV E FIELDS”

When a file is open for playback , this message requests

that all fields with given field name s be

extracted from the file and sent to the caller. The

messa ge cons ists of the words:

61 ,4,n ,<field—name 1> ,..., <field—name n>

This message is positively acknowledged by the receipt of

the requested fields , or negatively acknowledged

explicitly by a [631 ,14] message . After all fields have

b een sent , t he PSMF sen ds an “EOF” message (this

includes the case where no fields exist).

[613, 15] “FIEL D TO BE RECORDED”/”RETR IEVED FIELD”

This message is of variable length , and may contain a

str ing or any co llect ion of wor ds:

: 
~~~ _ _ _
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61 ,5 ,<field-name > ,N , W( 1) ,W( 2) , ... ,W(N)

• Vo ic e f i l e s  may c o n t a i n  t ex t  or b i n a r y  f i e l d s .  Messa ges

of t h i s  type which are received by the PSMF while a

file is open for record will be i n s e r t e d  i n t o  th e file.

Note that voice data messages are not sent using

t h i s  message , but are sent on the NVP data link

instead . This message is also used to return non—voice

fields in response to a {61],[14] request.

[ 6 1] , [6 ]  “ CLOSE F I L E ” / ” E N D  OF F I L E ”

T h i s  message  is sent  by the  c a l l e r  to i n d i c a t e  the  end of

data to be recorded or to indicate that no more

information is desired from a file during playback . For

t h i s  usage , t h e  message  has  the  c o n s i s t s  of o n l y  two

wo rds :

61 ,6

This message is also sent by the PSMF to indicate that no

more fields of the requested type are left to play

back . It does not mean that the PSMF has closed the file.

This message contains the message code and subcode

followed by the number of messages transmitted: 

~~~~~~~~~~ •t:
~.~ ~~~ - - -
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• 61 ,6,<message— count>

The <messag e—count> is a 32—bit integer .

[613,17] “DELETE FILE”

This  messag e is sent by the  ca l l e r  to the  P S M F .  I t s

f o r m a t  is

61 ,7,<filenam e— string> ,<password— string>

This messag e look s up the given filenam e, and del etes the

f i l e  if the  password ma tches  t he  one  recorded w i t h  t h e

f l ie.

[6 1] , 18]  “TEXT TO/FROM COMMAND PARSER ”

This  messag e provid es a means  to send tex t messages

t o / f r o m  t h e  measur c~nen t  f a c i l i t y .  I t s  f orma t is:

61 ,8,<string>

Th ese messages might be commands to the PSMF or replies

f rom i t .  In addi t ion , r e s u l t s  of measur ements

migh t  be  reported us ing  th i s  t e chn ique .  T y p i c a l l y ,

these  messages  would simply be tyo ed out on the user ’s

terminal (if’ any). 

- ~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ - — -~~~~ 
- -



• —. -~~~~~~

Packet Sp eech Measur~~ ent Facility Page 21
PSMF Design Philosoohy and Structur e Section 2

• [611 ,19] “DATA TO/FROM MEASUREMENT FACILITY”

This message has basicall y the sam e format as the [611 ,18]

message , but the data is not necessarily a string of

ASCII bytes:

61 ,9,N ,W( 1) ,W(2), . .. ,W(N)

The meaning of these data words is not defined by this

d ocument. This message is orovided to allow

m easur €~nent commands or data to be oassed b etween the PSMF

and its caller ; the sub—protocol which define the

meaning of the data wo rds has not yet been specified .

[613 , 1 10] “OPEN A FILE FOR MEASUREMENT”

This message has the sam e format as “OPEN FOR PLAYBACK” :

61 , 1O ,<filenam e— string> ,<oassword—string >

The procedure and response is the sam e as for “OPEN FOR

PLAYBACK” .

[621,[n] “POSITIVE ACKNOWLED GEMENT”

~~~~~~~~~~~~ ~~~~
•
~~~~~~~

• -
~~~~~~~ 

b 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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• This messag e echoes t he  messag e wh ich  i t  acknowledges ,

• excep t tha t  the  [ 6 1]  is replac ed by [62] , f o r  examol e :

• 61 , 1 , “FILE ” , “PASSWO RD ”

62 , 1 , “FILE ” , “ P AS SWO R D ”

• Currently, It  is used only in t h i s  f a sh i.on to

acknowl edge op ening of files . If’ in the future it

is used to acknowl edge a message with a differ ent format ,

t h e  f o r m a t  of’ the £62] message would again follow the

f o r m a t  of the  message it acknowl edges .

[63 1 , [n ]  “N EGATIVE ACKNOWL EDGEMEN T ”

Like the [62] messag e , t h i s  message echoes t h e  message  it

acknowl edges. How ever , in addition to reoiacing the

[6 13  with [6 33 ,  this message app ends a reason code and

string to the end of the acknowledged message:

61 , 1 , “FILE ” , “PASSWORD ”

63, 1 ,”FILE” ,”PASSWORD” ,<reason—code> ,<rea son~ str ing>

If the sender desires not to includ e a

<reason— string> , he should i n d i c a t e  a nu l l  s t r i nR  by

giving a zero wo rd count for the string. Ther efore , the

minimal appendage would be two wo rds of’ zero , the f i r s t

ind ica ting an unspecified r eas on, and the second 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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indicating a null string. Note that this message is also

used with the [61], [14 ] an d [611 ,[53 messages ,, which have

a differ ent format:

61 ,14 ,<field—nam e>

ô3,~~,<r’ieid—nam e> ,<rea son—code> ,<reason—strjng>

Reason codes are defined later in this document .

• Vo eoder N e g o t i a t i o n

In order to send voice data to/from the measur ement

facility , the two parties must negotiate vocoder

paramete r s.  How ev er , a caller  who is incapable of

h a n d l i n g  voice da ta  may want  to access t e x t u a l  da ta  in

a v o i c e  f i l e , so vocod er n e g o t i a t i o n  is o p t i o n a l  w i t h i n

a PSM F’ p r o t o c o l  s e s s ion.

Vocoder n e g o t i a t i o n  is i n i t i a t ed w i t h  an NVP

“ R E N E G O T I A T I O N  RE QUEST ” m e s s a g e , n u m b e r  [ 1 2 ] . Th i s

messag e cons i s t s  of two wo rds ,

1 2 , < I — r n a s t e r >

D u r i n g  recording of a vo i ce  f i le , the  ca l l e r  set s

<I—master> to a nonze ro  va lue  to i n d i c a t e t h a t  he

d esires to negotiate the vocod er parameters to be stored

li_s ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ I.. ..i :.... ...~ ~~~~~~~~~ ~~~ ~~~

‘ :~ :i~4:;~ . - ~~~~~ 
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wi th the file . For playback , if the caller soecifies

voice in the “RETRIEVE FIELDS” c omma n d , the PSMF ~ends a

“ R E N E G O T I A T I O N  RE QUEST ” w i t h  n o n — z e r o  < I - m a s t e r > .

Acceptance by the calier Wjli cause the PSMF to conduct

negotiations as per the stored vocoder parameters. For

more detail , see t h e  sec t ions  on n e g o t i a t i o n  and

ren egotiation in the NVP document.

Obviously, vocoder negotiation must occur b efore transf er

of voice data messages is possible. On recording , if

• the caller sends voice data before negotiating, t he PSMF

should simply ignore the data.

PSMF File Forma t Field Names

A field nam e is recorded as the first wo rd of ev ery

record in a PSMF secondary file to specify the field type.

T h e  least s i g n i f i c a n t  8 bits of the field nam e are the

field type , and the most signif ic ant 8 bits indicate

t h e  use of tha t  fj ~ id , dep ending  uoon  t h e  f i e l d  t y D e .

T h e  fo l l ow i ng f i e l d  names hav e been d e f i n e d :

Fi eld Type  U s e  if Vo ice  U s e  if Text

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 
_ _ _ _ _  •
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0 vo i ce  (n o t  d e f i n e d ) 1 a u t h o r

1 control 2 sender

2 text 3 to

3 binary 14 c c

14 graph ic s  5 sub ject

6 date

7 summa ry

Reason Codes

The following reason codes hav e been defined :

0. Unsp ecified reason

1. No access r i g h t

2. File does not exist

3. Wrong oasswo rd

14 .  Vocoder  nego t i a t i on  needed f i r s t

5. No f i l e  has  been op en ed

This  l i s t  is i n c om p l e t e and w il i  be  augmen ted  as t he  need

ar i ses .
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2.3 PSMF Structure Design

The Digital Equipment Corporation RSX — 11M oo erating system

was chosen as the vehicle for development and

i m p le me n t a t i o n  of’ the PSMF. Reasons for this were:

a . A dev elopment  m a c h i n e  under  R S X - 1 1 M  was  a v a i l a b l e .

b .  R S X — 1 1 M  has  ad equate software development tools.

c .  A well  develop ed f i l e  system is of f er ed .

d .  R S X — 1 1 M  provides executiv e services for scheduling,

i n t e r — p r o c e s s  communica t ions , t i m i n g , I/ O , and

dynamic memory allocation and mapping .

Wi th these faciiities availabl e, it was dec id ed to design

the PSMF as a set of functionally disjoint processes.

These processes would communicate via ex ecutive directives

an d a comm on bu f f e r  area , and would share the services of

a set of library routines.

• The PSMF user is, of cou r s e , unaware of these comoonents.

His view of the system might be as illustrated in figur e

2.1.
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Figur e 2.1

• Figure 2.1

User’s View of PSMF PSMF
FILES

~~~CODER 

} ) 

~~Us:R HOST 

j

~~ RPA~ E~~~ pTMF
HOST

A more detailed examination of the structur e to be found

at the PSMF host is diagrammed below in figur e 2.2.
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Figure 2.2
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Figure 2.2

Process Structure at PSMF Host
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The following sections discuss the design objectives of’

the PSMF elements illustrated in f igure 2.2 .

2.3.1 RS X— 11M Executive and Netwo rk Driver

The executive provides a wide variety of ma nagement and

communications services. Explicit invocations of

executive services are exclud ed from the PSMF Function

process itself (in order to facilitate op erating system

conversion) , but are includ ed in the Library routines ,

Control process , and Test process .

T h e  netwo rk d r i v e r  p r o v i d es  an interface b etween PSMF

processes and Arpanet . By convention , n etwo rk reads are

r e q u e s t e d  only by the  Netwo rk R ead Steer er and Con t ro l

process , via the mediation of Library routines. N etwo rk

w r i t e s  can be reques ted  by any oro cess , aga in  th rough  a

L i b r a r y  r o u t i n e . The  ex ecut ive  m a n a g e s  I /O  q u e u i n g .

~ . ~~~~~~~~~~~~~~~~~~ •~ a
It
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2.3.2 Library Routines

These are a set of re— entrant and position indep enden t

routines which occupy part of the address space of all

PSMF processes. They incorporate functions common to all

processes , and wh en structured as a Library , serve to

r educ e total core space requirements , and to isolate

explicit ref erences to ex ecutive services . RSX— 11 M

requires that a Library be r esid ent.

2.3.3 Commo n Area

This is a buffer or data area which occupies oart of the

a dd ress space of all PSMF p r ocesses , f a c i l itat in g

in terp rocess communic ation . RSX— 1 1M o ermits such an area

to be dyn amical ly created .

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•
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2.3 .14 Netwo rk R ead Steerer and Control Process

• This process is initiated from an RSX— 11M t erminal. Its

functions are to:

a. Initialize PSMF data structures.

b. Initiate a process which listens to the NVP initial

connection link .

c .  Make j u d g e m ents  as to t h e  d i sp o s i t i o n  of’ all

n etwork r eads.

d. Communicate to processes , via global semaphores,

t h e  r esu l t s  of any f u n c t i o n r e q u i r i n g  a n etwo rk

r ead . This process will of ten be ref erred to as

the “Control” process.

I_ •~__ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2.3.5 Initial Connection Netwo rk Listen er Process

This process is initiated by the Control process (2.3.14).

Its function is to listen to NVP link 377 for a protocol

sequence  in d ica ting a user ’s request for a PSMF function.

If’ this sequence is rec eived , t he PSMF Func t i on p r oc ess is

initiated .

2 .3 .6  PSMF Funct ion Process

This process is initiated by the Listen er process (2.3.5)

when a user requests a PSMF function , and t erminat es

itself on rec eipt of an NVP “goodbye” message. It

incorpo rates al l t he NV ? an d PSMF extensi ons n ecessary to

communica te  w i t h  the  user .

Th e pr incipal P SMF f u n c t i ons  a re  Recor d in g , Playb ack , and

Measurement. Each of these requires access to PSMF disk

files. Such access is mediated by a group of routines

which specialize RSX fil e manipulat ion to the PSMF’s

needs.

I ~~~~~~~‘~~‘: ~~~
L_ !~ •-_-  ~~~~~~~~~~~~~ • L i ~~~~~ •
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I t  may b e  pos s ib l e  tha t  t he  PSMF F u n c t i o n  process

i n i t i a t e s  a s y n c h r o n o u s  p rocesses  on i t s  own . The

Recording function , for instance , may initiat e a process

which p erform s a sort on user ’s voice tim e stamps. •1
2.3.7 Test Process

This process is initiated from an RSX— 11M t erminal. Its

function is to simulate user access to the PSMF. As a

PSMF process in its own right , it conv eniently provid es a

test of the mu~ ti-user capabiiities of the design.

~~~~ •- ~•— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - - • ~~~~~~~~~~~~ - ~~~~~~~~ _- -~~ ~~~ _-—~~~~~_
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3. Current Imp lementation

This chapt tr describes in detail the curren t level of PSMF

imp iement at~ on~ which includ es a wo rking Record and

Piayback f~~’i~ ity.

Section 3.1 discus3es the data structure design for PS~1F

processes. Section 3 . 2  d escribes t h e  P SMF fj i ~ s t r u c t u r e .

From there , a description of constituent modules ensues.

Section 3.3 is concer n ed with the Netwo rk Driv er , 3 . 14 with

the Library routines , 3.5 with the Control process , 3 .6

with the Initial Connection Netwo rk Listener process , 3 .7

with the PSMF fil e accessing routines , 3.8 with the Record

junction of the PSMF Function proces s, 3.9 w i th  the Tim e

Stamp Sorting Process , 3.10 with the Playb ack junction of

the PSMF Function process , and 3 .11 with the Test orocess.

• . .1 
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .

• 
~~~~~~ ~~~~~~~~ ~~~~~~~~~ •~~~~_
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3.1 PSMF Processes Data Structures

• It was envisioned from the first that the PSMF Would

eventually support multi—use r activity. This anticloation

• led to the design of a coher en t data structure for all

processes .From the standpoint of inter—orocess

communication , it was desirable to hav e these data

structur es in the address space of all orocesses . These

consid erations ied to the following implementation:

a. All processes hav e assoc iated entries in a “Link

Tabl e” . For processes which a r e  a c t u a l l y  involved

in  netwo rk c o m mu n i c a t i o n s , L ink  T a b l e  p os i t ion s map

i n t o  the  l i s t e n i n g  NV ? l i n k s  f o r  t h a t  p roces s .  For

processes  which do not n eed to communicate , pseudo

lj f l k  pos i t i ons  grea te r  t h a n  1400 a r e  a l locat ed .

b .  A p rocess ’ s Link  T a b l e  ent ry  oo ints  to  i t s

“U sertable” , which contains the fundamental data

structur e for the process.( 1) The Usertable is

allocated from the Common buffer area when the

1. With the exception of the Test orocess , which has
u n c o n v e n t i o n a l  needs for RSX associat ed structures .

hA ~~~~~~~~~~ . • • • •~~~~~~ •
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process is initiated , and de—allocated wh en the

process terminates.

c. All other data structure requirements for a process

(e.g. disk buffers) are met by allocations from the

Commo n buffer area . Pointers to these areas can

ultimately be found in the Usertabie.

d. Convention dictates that a process access its

Usertabie using indices relative to a single

dedi cated register . This convention facilitates

i~~t~ a-process communications.

F i g u r e  3 . 1  i l l u s t r a t e s  these  data structures.
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Figure 3. 1

Figure 3.1 PSMF Process Data Structure

Link Table Common Area

User Table for 1 process

Process flags , local data
• 7’ Pointers
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Disk Buffers

Network I/O Buffers
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) Temporary Wo rk Space

Register #5 Etc.
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In a d d i t i o n  to the  da ta  r e p r e s e n t e d  in  each U s e r t a b i e ,

t he r e is a need f o r  g lobal  da ta  w h i c h  can ac t  as

s e m a p h o r e s .  This  need is met  by the  RSX “ event  f l a g s ”

provision , which includ es ex ecutive services for setting,

clearing , and awaiting such flags.

Thes e semaphores are used to:

• a. Lock access to data structures to prevent possibly

c onflicting alterations. For exampl e, the linked

• list of buffer s in Common hav e a semaphor e

associated with allocat ion and dc-allocation.

b. Signal processes that an ev ent has taken place.

Each of the PSMF process es has a dedicat ed

semaphore, which is used to indicat e that n etwo rk

I/O has been compl eted , or that a tim e delay is up .

c. Signal a request for services. The Control orocess

can , f or instanc e, be awakened by its dedicat ed

semaphore to communicat e a request for a n etwo rk

r cad .
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3.2 PSMF File Strucutre

Data pertinen t to PSMF storag e, retrieval , an d measurem ent

is of two fundamentaly distinct tynes. Firstly, ther e is

t h e  ac tua l  s t r eam t r a n s m i t t e d  by t h e  use r . Secondly ,

t he r e is i n f o r m a t i o n  r e l a t ed  to  arrival tim e and

sequence.  Th i s  d i cho tomy  encouraged t he  f o l l o w i n g

• i m p l e m e n t a t i o n :

a. Any r e c o r d i ng  session results in two PSMF files : a

“p r i m a r y ” f i l e  and a “ secondary ” f i l e .

b .  T h e  p r i m a r y  f i l e  consis ts  simoly of t he  stream of’

da t a  t r a n s m i t t ed  by t h e  user . Any n etwo rk

r esponses genera t ed by the  PSMF d u r i ng  n e g o t i a t i o n

a r e  also recorded — to  serve both as a d ebugging

record  and a guid e d u r i n g  olayb ack .

c .  T h e  secondary  f i l e  c o n t a i n s  t he  r eco rd ing  d a t e  and

tim e , user  id ent i f i c a t i o n , parce l  t i m i ng , and f i l e

size. In  a d d i t i o n , f o r  every message  in t h e

p r imary  f i l e , t h e  secondary f i l e  c o n t a i n s  var iou s

f l a g s , PSMF t im e stamp , and sor ted l ink  to nex t (b y

user ’s tim e stamp ) message.

___  4
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• I t  is in tended  t h a t  t he  s e c o n d a r y  f i l e  c o n t a i n  a~~l

i n f o r m a t i o n  need ed by the  m e a s u r e m e n t  f u n c t i o n s , as

• well as that nec essary for ord ered playback .

• 3 .3 N etwo rk Driver

• The netwo rk driver is the routine in the RSX— 1 1M ex ecutive

which provid es ful l duplex access to the Arpanet . This

access is achieved via standar d RSX “QIO” ex ecutiv e

requests. RSX provides the mechanism for queueing

requests and communicating parameter s to the driver . It

is the driver ’s responsibility , on the other hand , to

• signal normal or abnormal request cotnoletion .

The PSMF driver was designed to treat the interface as two

• separate devices — one each for input and outout.

Completion of a typ e 3 n etwork write (uncontrolled) can be

signalled merely by completion of’ physical transfer to the

IMP. Compl etion of a typ e 0 n etwo rk write , however ,

requires reading a corresponding RFNM from the destination

IMP. This means that , in gen eral , processes do not

i n t e r f ac e direc tly to t he n etwork d riv er , but are filter ed

through Library routines which coop erate with the Control

proc ess.‘

~~ •
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3.14 Library Routines

These routines consist of re-entrant and position

indep enden t code which is shared by all PSMF processes .

Wh il e such an entity is not strictly essential , it does

• serve to reduc e core requirements and compartmentalize the

use of requests for executiv e services.

Ther e are many Library routines . They are briefly

d escribed below .

3.4.1 Netwo rk R ead

This routine will susp end a process if a previou s n etwork

r ead has not been completed . It then signals the Contral

process that data is exp ected from the n etwo rk .
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3.14.2 Netwo rk Write

Type 3 writes and Type 0 writes are treated indeo endently.

The Library routines will wait on a write of’ a given tyoe

if a previou s write of’ that sam e typ e has not been

• c ompl eted . A QIO is then issued to start the write , and ,

in the case of a write typ e 0, the Control process is

notified that a RFNM is exp ected .

In addition , Library routines are available to move data

to  a t e mp o r a r y  b u f f e r  b e f o r e  s t a r t i n g  t h e  w r i t e .  Th i s

avoids locking the process ’s own buffer s while awaiting

c omple t ion .

~i~~~~
.
~~~~ • •~~ i• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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3.14 .3 Wait on Netwo rk I/O

Th ese routines are called by a PSMF process or by other

Library routines to wait until completion of a n etwork

r ead , write type 0, or write type 3. If no I/O is in

a b e y a n c e , n o  w a i t  is e f f e c t ed .

3.14 .4 Usertabie & Process Initiation

If a process is initiated by another process , some

communication of’ data is usually necessary . A PSMF

initiating process Will allocat e and set up a Usertable

for the initiat ed process , start that process , and

communicate the Usertabie address. Library routines

p erform all these functions .

• 

~~~~~~~~~~~~~~~ ~~~~~~~
• i

’ 
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3.14.5 Tim e Interval Computation

A p r ocess ’s initiation tim e is stored in its Usertable. A

Library routine is available to compute , in milliseconds ,

the differ ence b etween the tim e of call and the tim e of’

in i t ia tion . This is used as the PSMF tim e stamp during

th e PSMF Rec ord f u n c tion .

3 . 1 4 . 6  Timed Susp ension of’ a Process

This routine will susp end a process for a soecificied

num ber of milliseconds. It is used by the PSMF Playback

f u n c t i on to tim e the transm ission of enc od ed vo ice

packets.

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -
•
~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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3.4.7 Ma nag ement of Commo n Buffer Pool

The commo n pool of’ fixed length buffers s~ oplies

Usertables , netwo rk I/O buffer s, disk buffers , and

temporary work space. A pair of Library routines are used

to allocate and free such buffers .

3.4.8 Process Exit

This routine frees all the buffers own ed by a process ,

resets its link table entry , an d p erf orms an RSX exi t

call .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~4± ~~~~ .- .--~~~
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3.5 Control Process

The Control process is initiated at an R SX—1 1M t erminal.

Its functions are threefold: it initializes PSMF

r esources , acts as a n etwork read steer er , and adjudicates

n etwo rk I/O comp letion .

3.5.1 Initializaton of PSMF Resources

As the first PSMF process to be invoked , it is the Control

process ’s job to initialize resources :

a. In terprocess semaphores are reset .

b .  The  Link t ab le  is cleared .

c. A Commo n buffer region is dynamically creat ed and a

mechanism is set up to allow all future processes

to map to it.

- ~~~~~ —~
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d. The IMP is prim ed with a few NOPS .

e. The Initial Connection Listening Process is

i n i t i a t e d .

f’. A n etwo rk r ead is started .

3.5.2 N etwo rk R ead Steer er

The initial netwo rk r ead W~~ii wake up the Control process

wh en two words (32 bits) hav e been transferred into a

sp eciai h ead er buffer . The Control process analyzes this

h ead er to effect the disposition of the rest of’ t h e

messa ge :

a. Unrecognizable head ers cause the remaining message

to be discarded .

b. Link s on type 0 and 3 messages ~.re examined .

i)  If it is not  an NV ? l ink , t h e  message  is

discarded .

ii) If the link is not own ed by a PSMF

process , the message is discarded .

I ~~~~~~~~~~~~~~~
—
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iii) If the owning PSMF process had rr~quested

a netwo rk read , the remaining message is read

into the area d esignat ed by the process .

iv) Otherwise a free buffer is allocat ed , the

remaining messag e is r ead into i t , a nd t h e

process is flagged as having received an

un solicited r ead . This facility is designed

to allow the Recording function to fall a

littl e behind in its retrieva l of typ e 3

messages.

c. A NO? is ignored .

d. A RFNM is used to flag the corresponding n etwo rk

write typ e 0 as complete.

e . An “ incompl et e t ransmi ssion ” is igno red . ~‘a i iu r e

of a type 0 write is noted wh en no RFNM arrives

w i t h i n  f i v e  seconds.

f. An “interface reset” forces transmission of a few

NOP ’s and discarding the first input.

I

£~L~ ~ .;~I:. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • 
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g. All other messages are ignored .

3.5.3 Adjudication of Netwo rk I/O Completion

The Control process is notified of’ all  r equest s  f o r

n etwo rk r eads.

a. If an unsolicited read has already b een under taken

on behalf of the requesting process , its data are

moved to the requested area and the unsolicited

• buffer flushed .

b .  O t h e r w i s e  the  next  ne two rk read w i t h  an ap p r o p r i a t e

link is steer ed into the requested area .

In addition , the Control process is notified of all

c omplet ed netwo rk I/O. This provides a central point for

r esolution of PSMF process waits on n etwork I/O. For

• examp le , if a process requests a wait until compl etion of’

n etwo rk write typ e 0:

a. The request is made through a Library routine which

check s if such a write has b een request ed bu t  not

finish ed . If not , an immediate r eturn is effected.

_ _ _ _ _ _ _ _  
• -
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b .  T h e  L i b r a r y  r o u t i n e  then c lears  a g loba l  s e m ap h o r e

ass igned  to t h e  PSMF process , set s a “ wa i t”  f l a g  in

its Usertable , and issues an RSX executive

directive . RSX will r esum e the process wh en the

• global semaphore has b een set.

c .  Wh en the  Netwo rk R ead S tee re r  sect ion of t h e

Control process det ects the appropriate RFNM , it

sees the  PSMF p rocess ’ s wa i t  f l a g , and  set s t h e

prop er global semaphore. RSX is thus signalled to

• awaken the PSMF process.

3.6 Initial Connection Netwo rk Listen er

NVP i n i t i a l  connec t ion  pro tocol  r e q u i r e s  an op ening

request on link 377. Sinc e PSMF process es are in general

associated with link s, it was convenient to assign the

initial connection functio n to a distinct process . This

Listen er process is initiated by the Control process on

PSMF initialization (3.5.1) and p erform s the following

du t i es:

A ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘:j~~~ ~‘
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a. It requests a network r ead on its link of 377 and

w a i t s  p e n d i n g  r ead completion .

b .  When a messag e w i t h  t h e  cor rec t  f o r m a t  is rec eived ,

t h e  Link t a b l e  is searched  f o r  t h e  f i r s t  f r e e

entries . Such entries are mapped to a l ink  number ,

e.g. link 360.

c. The PSMF process associated with that link number

is initiated e.g. the process named “NVP36O. ”

d. The Listen er process allocates and sets up a

Usertable for the new process, sends the Usertable

a dd ress , and goes back to the listening start. It

is the new PSMF process ’s resoonsibility to carry

on all communications on its own links. 

~~~ ~~~~~~~~~~~~~~ — - ~~-- 
_:_ ~~~~ -~~~~~~~
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3.7 PSMF File Accessing Routines

These are a series of modul es designed to interface

b etween a PSMF process and RSX— 11M file-handling

primitives. While suitabl e for Library inclusion , soace

limitations now dictate that these routines be linked

• separately with each file handling PSMF orocess .

Each routine deals with a single file at a tim e, e.g. with

either a primary or seconda ry file. Access is by record

at the PSMF level and by block at the RSX level . Sev eral

pr ocesses can simul tan eousl y access a single file.

An o u t l i n e  of the  rou t ines  f o l l o w s .

• ~~~~•~~~~~• ~~~~~~ ~~~~~~~ .
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• 3. 7 . 1  F i l e  Op en R o u t i n e s

A PSMF f i l e  may b e  op en ed f o r  w r i t i n g  (r e c o r d ) , r eading

(playback , etc .), or updating (app end). In each case , the

us ing  p r o c e s s  supp l ies  t h e  record  size , f i l e  nam e , and t h e

file number (0 thru 3) which will be used f o r  all  f u t u r e

accesses.

A f i l e  op en r o u t i n e  w il l  also a l locat e Common b u f f e r  space

for RSX specific file information , and two block buffers

for each file.

3.7.2 File Close Routine

The fil e close routine will initiate an RSX file close and

free buffer space used by the file.

Lk~ ~~~~~~~~~~~~~~~ t-i ~~~~~~~~~~~ ~~~~~~~~ _ _ _  A
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3 .7 .3  Disk  R ead Routines

The disk r ead routines require a file number and record

number for access. A pointer to the requested record is

r et u r n ed . As an option , the sequential r ead routine tries

• to insur e that a record’ s pred ecessor and suc cessor are in

core in anticipation of’ futur e ref erence.

• 3.7.14 Disk Write Routines

The PSMF disk write routines write only out of the

“current” record buffer ; in order to change a record ,

t ha t  record must  f i r s t  be  read . As an op t ion , t he

sequent ia l  w r i t e  r o u t i n e  i n c r e m e n t s  t h e  “ c u r r e n t”  r e c o r d

number  and b u f f e r  address  a f t e r  each w r i t e .

Both the  read and write routines employ two block buffer s

( 1 6  p r imary  f i l e  records or 6’4 secondary  f i l e  r e c o r d s ) .

No phys ica l  disk transf er take p l a c e  if’ e i ther  of t he  two

block b u f f e r s  con t a in s  the  desired record.
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3.8 Record Function

The PSMF Function process (Record and Playb ack) is

initiated by the Network Listen er process (3.6). The

Function process continues the op ening orotocol and awaits

a PSMF command .

The  PSMF Record  command has  p rov i s ion  f o r  a f i l e n a m e  and

• optional password . The Record function is called and:

a.  Open s two PSMF f i l e s:  one w i t h  614—wo rd records  and

the extension “ .PR ” ( pr i m a r y  f i l e)  and t h e  o t h e r

with 8—wo rd records and the extension “ .SE”

(secondary file).

b. Sends an acknowled gement to the user .

c. Records the PSMF Record command as the primary

f i le’s first record .

d. Records the date , tim e, and user ID as the first

record of the secondary file. Parcel timing and

f i l e  size i n f o r m a t i o n  is added to  t h i s  record at

t h e  conclus ion of t he  r ecord ing  session .

L*~k...— ~~~~~~~~~~~~~~~~~~ 2L~ ~~~~~~~~~ - 
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The Record function then goes into a n etwo rk listen loop

in which certain messages are recorded on the disk. These

messages which are stored are:

a. PSMF “field to be recorded” messages.

b . All acceptable negotiations for voice transf er .

The Record functon will accen t all suggestions

(excep t for messag e size greater than 976 bits.)

c. All voice negotiation replies from the PSMF to the

us er . These are flagged appropriately and are used

as a guid e during Playback .

d. Wh en sufficient information for Playb ack timing is

avai la bl e, the user can terminat e negotiation and

r ecord voice messages.

Every stored message has an entry in each of the primary

and secondary files.

a. The entire messag e is stored as a single record in

the primary file as it is rec eived , prec eded by a

wo rd conta in ing i ts l ength.
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b .  T h e  co r r e spond ing  record in  t h e  seconda ry  f i l e

c o n t a i n s  a f i e i d  nam e wo rd , a f l a g  wo rd , t h e  PSMF

tim e stamp in milliseconds , wo rds 3 and ‘4 of t h e

messag e, and provision for a link to the nex t

record ( t o  be sor ted  by user ’ s tim e stamo by t h e

“Sort  by Tim e Stamo ” p r o c e s s ) .

T h e  Record  f u n c t i o n  r e m a i n s  a c t i ve  u n t i l  rec eiot of an NVP

“ goodbye ” or PSMF “ en d of f i i e” message .  In e i ther  case ,

t h e  p r imary  and secondary files are complet ed and closed .

T h e  Sort process  is i n i t i a t ed in ord er to l ink  t h e

secondary file by user ’s tim e stamp . A “goodbye” will

terminate the NV? connectio n , while an “end of file” will

cause control to return to the start of the PSMF Function

proc e ss.

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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3 .9 Sort  Process

The  A r p a n e t  does not g u a r a n t e e  the  i n t e g r i t y  of a s t ream

of’ typ e 3 messages.  Voice  packe t s  m ay a r r i v e  a t  t h e  PS~1F

ou t  of sequence , as  duolica tes , or may n o t  a r riv e  a t  a l l .

• I t  is the  f u n c t i o n  of’ t he  Sort orocess  to l ink  a PSMF

• message f i l e  so tha t  P layb ack message  sequence  will

closely a o pr o x im a t e  tha t  in which  they w e r e  s ent .  This is

accomplish ed by

a. Linking the voic e messages by the sender ’s tim e

stamo .

b .  L i n k i n g  imbed d ed PSMF “ f i e l d  to b e  recorded ”

messages as propitiously as Oos3ib~ e.

The Sort process is initiat ed by the record function at

the conclusion of’ a recording session . The Sort orocess

has no requirements for n etwork communication , so is given

a ijflk table entry corresponding to a n e twork link grea t er

than ~40O (see section 3.1). It ooens the secondary file

with shared access (to all ow concurrent Diayback) and

p erform s the  fo l iow ~ ng f u n c t i o n s :  

~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ —-- -•
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a. Using the parcel timing information from the first

record , a one  m i n u t e  “window ” is est ima t ed . T h i s

is t h e  m a x i m u m  n u m b e r  of oa c k e t s , a t  sev en p a r c e l s

per  p acke t , which  could  be  sen t in one  m i n u t e .  No

search f o r  a g i v e n  r eco rd ’ s l i n k  wi l l  exceed the

boundaries imposed by plus  or minu s one win dow.

This is a consequence  of t h e  one—wo rd l eng th  of t he

us er ’s tim e stamp. An unrestricted search for a

g iven  tim e stamp could  r esult in l i n k a g e  to an

i n a p p r o p r i a t e  message w i t h  t he  sam e t im e stamp

modulo  2** 16 as tha t  exp ec t ed .

b .  An exp ec t ed t im e stamp is computed  f r o m  t h e  p r esen t

tim e stamp and parc el count.

c .  A f o r w a r d  search of’ t he  secondary  f i l e  is m a d e  un

• to the  window boundary . If’ a con t ro l  message

(im b edded or p r e l i m i n a r y)  is encoun te red

i m m e d i a t e l y ,  i t  is l ink ed and t h e  en t i r e  search

beg ins  aga in . If t he  exp ected tim e stamp is

encoun te r ed , i t  is l inked  and  a n e w  search beg ins .

L— •
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d . Otherwise a search in the negative direction uo to

a window boundary is made. If the exp ected tim e

stamp is encounter ed , it is linked and a new search

b €€ins.

e. Otherwise a link is made to the record with the

tim e stamp differing least from the exp ected tim e

stamp , if any .

f. Ot herwise the sort terminat es. (No more records).

This algorithm p ermits linkage of’ files consisting

entirely of’ control messages as well as those with

duplicate or missing messages.

3.10 Playb ack Function

Once a PSMF file has been created by the Record function

and linked by the Sort process , it can be accessed by the

Playb ack function of the PSMF Function process.

The PSMF Playback command has provisions for filename and

passwo rd . When this command is encountered by the PSMF

Funct i on p r ocess ,

•• •••~~~~~~ . _• ~~~~~~~~ ~~~~~~~~~ .4l~~
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a. An attempt is made to op en the Drimary and

secondary files associa ted with the filename. If

this attemp t is unsuc cessful , a negative

acknowl edgement is sent to t h e  user .

b. The first record of the primary file is read to

determine the passwo rd . If no password was used

for recording , no check is made of’ t h a t  i nc lud ed

• with the playb ack command .

c. A password comparison is made. If a bad match is

found , a negative acknowledgement is sent to the

us er .

d. Else a positiv e acknowledgement is sen t and the

Playback  f u n c t i o n  a w a i t s  user  commands  sp e c i f y i n g

t h e  i n f o r m a t i o n to  h e  r e t r i eved .

T h e  PSMF e x t e n s i o n  to the  NV ? p ro tocol  p ermits  sel ectiv e

r e t r ieva l  of’ s tored i n f o r m a t i o n .  In p a r t i c u l a r , t h e  user

can request the playback of any combination of’:

a. N o n — P S M F  cont ro l  messages .

I
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b. PSMF control messages or subsets thereof’.

c. Voic e messages.

The user specifies a list of his sel ections in a PSMF

“fields to be retriev ed ” command . The Playb ack function

then p erforms the following:

a. If’ the user has specified voice , t h e PSMF con duc ts

negotiations as per those which were recorded . If’

the user di sagrees with any of the recorded

negotiations the playback session is t erminated .

b. The secondary file is scanned from the beginning to

find any message typ es on the user ’s list. If

foun d , the corresponding record in the orimary file

is transmj~ ted .

c .  The  in terva l  t iming  b etween vo ice  message

t ransmiss ion  is c omputed f r o m  t h e  pa rcel  c o u n t  and

parcel  t iming  da t a .

d .  If no f u r t h e r  messages a re  to be  r e t r i eved , o r if

t h e  user sends a PSMF “ end of f i l e” command ,

Playb ack sends a count  of m essag es t r ansm itt ed an d

awa i t s  a f u r t h e r  l is t  of sel ec t ions  f r o m  t h e  sam e

~~~~~~~~~~ •~~~~~~~~~~~~~~~~ —~~~~ .-• •• ~~~~• ~~~~~~~~~ • - —- ~~~~~~~~~~—
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• f i l e .  An NV ? “ goodb ye ” e l i c i t s  t h e  sam e count and

a t e r m i n a t i o n  of t h e  P l a y b a c k  session.

3 . 1 1  T est Process

The  Test process was des igned  to  p r o v i d e  a f u l l  t e s t i n g

f a c i l i t y  f o r  t h e  PSM F i mp l e m e n t a t i o n .  I t  essentially

cons i s t s  of h i g h l y  RSX dep endent  code , i n i t i a t ed f rom an

RSX t e rmina l , wh ich  can read or  wr i te  RSX f i l e s  and acc ess

t h e  A r p a n e t  as a P SMF p rocess .

When  i n i t i a t e d , t h e  Test process :

a. Takes  NV ? l i n k s 375 and 376 f o r  its own read l inks .

b .  Asks f o r  an i npu t  R SX f i l e  to r ead da ta  and an

o u t p u t  f i l e  f o r  r e s u l t s .

T h e  input  d a t~t can b e  commands to:

a .  A f f e c t netwo rk o u t p u t :  i . e .  change  d e s t i n a t i o n

HOST/IMP , o u t p u t  l i n k  or message  type .
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b. Read netwo rk input.

In addition , data to be transm itt ed over the n etwo rk can

consist of strings

N( 1 ) , N( 2 ) , . . . ,N ( K )

wh ere each N (I) is the octal representation of a PDP— 1 1

word or byte , or an ASCII string enclosed in double

quotes.

These data strings are converted to an Arpanet messag e and

tr a n s mi t ted , typically through the IMP and back to a PSMF

process. Data rec eiv ed from a n etwo rk read are conv erted

to similar readable strings and sent to the Test process

output file. This permits interactiv e (via a t erminal) or

high speed (via an RSX disk fil e) testing of PSMF

constituents.
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4. Implementation Completion

The schedul e includ ed in t he  Pre l i m i n a r y  Design document

g ives  A u g u s t  15 , 1977 as a f i r s t  rel ease d a t e  and

S e p t e m b e r  30 , 1977 as a f i n a l  rel ease da t e  f o r  t h i s

i m p l e m e n t a t i o n  of the  P SM F.

T h e  f i r s t  rel ease wi l l  i n c o rp o r a t e  t he  f o l l o w i n g

improvements and augmentations over the trial rel ease:

a. The Ap p end and Del ete functions will be includ ed in

the PSME’ function process .

b .  I m p r o v e m e n t s  Wj l i  be m a d e  in t he  error  recovery

procedures .

c .  Fu r the r  disc r imina t ion  wil l  b e  possible  to enable

Playb ack of’ variou s subtyp es of PSMF control

messages.

The final rel ease will incorporate the Measurement

func tion of the PSMF Functio n process. This will enable

quantitativ e analyses of PSMF files. These analyses will

produc e PSMF fil es consisting of measur es of:

I
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a. Re la t iv e delay s exp er i enced by v o i c e  oack e t s .

b .  D u r a t i o n s  of speech and s i l e n t  p e r iods .

c .  C las s i f i ca t ions  of packet sequences into

du pl icates, missin g , or out of order .

d. Classif ications of packet typ es.

e. Histogram s or statist ical prop erties of the above.

These measurement files will be accessabie via the

Playb ack function.

~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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5. Summa ry

This report has d escribed the wo rk oerform ed at CCA on the

Packet  Sp eech M e a s u r e m e n t  Fac i l i ty  d u r i n g  t h e  i n i t i a l

p h a s e  of’ its dev elopment.

A r ev iew of’ PSMF des ign  o b j e c t i v e s  was fo l lowed by a

d i scuss ion  of the  s t r u c t u r e  f o r m u l a t e d  to meet  these

o bj e c t i v e s .  An approp r ia te  pro toco l  ex tens ion  was

descr ibed , which was  fo l lowed  by a de ta i l ed  d escriot ion of

t h e  c u r r e n t  implementation and its components. A short

summa ry of work scheduled to complet e this phase ensued .

The trial rel ease of the PSMF Record and Playback

functions has been successfully employed by mem b ers of the

NSC community. We anticipate regular exp eriments once the

protocol extensions are incorporated into user NVP’ s.

Plans are currently under consideration for expansion of

PSMF capabiiities to give participants greater control

over and better access to those exp erimental situations of

interest to them. It is in this context that the PSMF

will  becom e a v a l u a b l e  n etwo rk f a c i l i t y .
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